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Objectives: Since 1996, we have routinely used a minimally invasive sex-differentiated surgical approach for
surgical repair of various simple congenital heart diseases, mostly including a right anterior minithoracotomy
in female subjects and a midline ministernotomy in male subjects.
Methods: Between August 1996 and December 2004, all patients who underwent a sex-differentiated surgical
approach were included. Hospital results were compared with those of a group undergoing full sternotomy (con-
trol subjects). Patients’ clinical conditions and satisfaction at follow-up were evaluated.
Results: Three hundred eight patients underwent the sex-differentiated surgical approach: (1) minithoracotomy
in 147 (47.7%) and (2) ministernotomy in 161 (52.3%). Thirty patients had a full sternotomy for atrial septal
defect closure. The most common diagnosis was an atrial septal defect (231 [75%] patients). None of the patients
required an extension of the surgical access. There were neither major complications nor hospital deaths. All pa-
tients were discharged home without residual defects. Median follow-up time was 71.5 months (range, 48.2–85.7
months). There were no late deaths. No scoliosis, asymmetric breast development, or lactation problems were
reported in the minithoracotomy group. Twenty-five (17%) of 147 patients with minithoracotomies complained
of a trivial, persistent (<6 months), sensitive skin deficit in the mammary area, most often localized at the infer-
omedial quadrant. The vast majority of patients (296 [96%] 308 patients) were in New York Heart Association
class I, and 282 (91.5%) of 308 patients were satisfied with the cosmetic result of the operation.
Conclusions: The sex-differentiated surgical approach for simple congenital heart disease is a safe procedure,
providing both excellent functional and cosmetic results. Anterolateral minithoracotomy is a valid and highly
appreciated procedure in female patients.C
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DImproved surgical results in patients with simple congenital
heart disease (sCHD) have stimulated surgeons to adopt
minimally invasive techniques,1-8 with the aim of combining
a good functional outcome with a better cosmetic result.
Since 1996, we have adopted a minimally invasive sex-dif-
ferentiated surgical approach by using a right anterior mini-
thoracotomy in female subjects with an atrial septal defect
(ASD) and a midline ministernotomy in male subjects with
sCHD or female subjects with malformations other than
ASDs.
We sought to analyze our experience with the sex-differ-
entiated surgical approach for repair of sCHD in terms of
hospital outcome and patient satisfaction.
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Review of medical records was approved by the hospital committee on
clinical investigation. Individual patients were not identified, and the need
for patient consent was waived.
We included all patients who underwent the sex-differentiated surgical
approach between August 1996 and December 2004. Thirty patients who
did not request a minimally invasive approach and underwent conventional
full sternotomy for ASD closure in the same time frame were selected as
control subjects.
Patients were all managed under the same postoperative practice guide-
lines, which included early extubation (<6 hours after surgical intervention)
and early discharge from the intensive care unit (<24 hours). As part of the
program, all the patients were followed with a physical examination 1
month, 1 year, and 3 years after surgical intervention to assess the quality
of the cosmetic result. In patients with minithoracotomies, particular care
was taken to exclude the presence of scoliosis, restriction of shoulder motil-
ity, and sensibility deficit at the mammary area. Late results of surgical re-
pair and patient satisfaction were also evaluated by means of direct contact
with the patient or a telephone interview.
Surgical Technique
In patients with minithoracotomies, we used a 4- to 5-cm semilunar in-
cision in the sulcus of the right breast (Figure 1, A), entering the chest in
the fourth intercostal space. In the prepuberty age group the incision was
kept very low under the right nipple to avoid any possible future interference
with breast development. In patients with ministernotomies, the skin inci-
sion was 4 to 5 cm long in the midline of the chest, with its superior exten-
sion at or below the nipple level. The sternum was then longitudinally
divided in its lower third and retracted (Figure 1, B).ardiovascular Surgery c Volume 138, Number 4 933




ASD ¼ atrial septal defect
IVF ¼ induced ventricular fibrillation
sCHD ¼ simple congenital heart disease
Mild hypothermic (rectal temperature of 34C) cardiopulmonary bypass with
direct aortic and bicaval cannulation was routinely used. Assisted venous
drainage was adopted to minimize the size of tubing and venous cannulas.
Ventricular fibrillation was induced with an epicardial lead (Stocker Instru-
ment Fibrillator) during repair in all patients with minithoracotomies. In pa-
tients with ministernotomies, conventional aortic crossclamping or induced
ventricular fibrillation (IVF) was used according to the surgeon’s preference.
During IVF, particular care was taken during the procedure to avoid
pump suctioning into the left atrium. Furthermore, all patients weighing
more than 5 kg of body weight were monitored in the operating room
with transesophageal echocardiographic analysis, especially at the time of
deairing to exclude any possible air in the left heart cavities at the time
the heart start to eject. Intraoperative epicardial echocardiographic analysis
was performed only in selected patients at less than 5 kg of body weight.9
Continuous variables were summarized as medians and interquartile
ranges. The c2 test was used for categorical variables, and the Kruskal–
Wallis test was used for continuous variables.
RESULTS
Hospital Outcomes
Three hundred eight patients underwent the minimally in-
vasive sex-differentiated surgical approach (minithoracot-
omy, 147 [47.7%] patients; ministernotomy, 161 [52.3%]
patients). The most common diagnosis in the sex-differenti-
ated surgical approach group was secundum ASD (ASD II)
in 231 (75%) patients. The other most frequent diagnoses in-
cluded ventricular septal defect (27 [8.8%] patients), sinus
venosus–type ASD (19 [6.1%] patients), and partial atrio-
ventricular canal defects (19 [6.1%] patients). Cannulation
was achieved through the chest in all patients. Assisted ve-
nous drainage was used, mainly in the last 3 years, with a me-
dian vacuum pressure of 35 mm Hg (range, 20–50 mm Hg).
Operative times were significantly longer in patients who un-
derwent the sex-differentiated surgical approach, especially934 The Journal of Thoracic and Cardiovascular Suin the ministernotomy group during the first part of our expe-
rience (Table 1). None of the patients required conversion to
a classic full sternotomy or a larger thoracotomy. None of our
patients who had IVF showed decreased cardiac function at
the postoperative transesophageal echocardiographic analy-
sis requiring major postoperative inotropic support.
There were no hospital deaths and no major surgical/post-
operative neurologic complications. All patients were dis-
charged home in good clinical condition without residual
intracardiac defects (Table 1).
Follow-up
Follow-up was 100% complete. At last follow-up (me-
dian, 71.5 months; range, 48.2–85.7 months), there were
no late deaths. Two hundred ninety-six (96%) of 308 pa-
tients were in New York Heart Association class I, and 12
(4%) adult patients were in New York Heart Association
class II, referring to mild limitation to activity.
At physical examination, 25 (17%) of 147 patients with
minithoracotomies complained of a mild, temporary (<6
months after surgical intervention), sensitive skin deficit in
the mammary area, most often localized at the inferomedial
quadrant of the mammary area (Figure 2). No shoulder
movement deficit or scoliosis was detected.
Forty-one (37%) of the 109 female patients who under-
went minithoracotomy before puberty had breast develop-
ment, which was completed in 13 of them who were older
than 16 years of age. None of them had asymmetric develop-
ment. No lactation problems were reported in 7 patients with
minithoracotomies who underwent pregnancy.
The majority of patients (282/308 [91.5%] 308 patients)
were satisfied with the cosmetic result of the operation: the
satisfaction rate was greater in patients with minithoracoto-
mies when compared with that in patients with ministernot-
omies (140/147 [95.2%] vs 142/161 [88.2%], P¼ .02). The
reasons for nonsatisfaction were the presence of a ‘‘too long/
visible scar’’ in 18 patients (4 in the minithoracotomy group
and 14 in the ministernotomy group) or a cheloid at theFIGURE 1. Postoperative images: A, 29-year-old woman who underwent atrial septal defect closure through a right anterior minithoracotomy; B, 5-year-old
boy who underwent ventricular septal defect closure through a midline ministernotomy.rgery c October 2009
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Sex-differentiated surgical approach group (n ¼ 308)
Variables MT (n ¼ 147) MS (n ¼ 161) Control group (n ¼ 30) P value
Median age at operation (mo), Q1–Q3 72 (36–156) 48 (20–108) 66 (24–228) .005z
Weight at operation (kg), Q1–Q3 21 (14–47.5) 17.7 (10.6–29) 20 (12.3–50) .005z
Female sex, no. (%) 146 (99) 45 (28) 14 (47) .0001*
CPB time (min), Q1–Q3 31 (25–45) 43 (29–58) 33 (24–44) <.0001z
CCT, no. (%) 0 46 (28) 23 (77) <.0001y
CCT (min), Q1–Q3 – 36 (27–47) 22 (16–36) .002z
IVF, no. (%) 147 (100) 115 (71) 7 (23) <.0001*
IVF time (min), Q1–Q3 11 (8–20) 11 (8–15) 7 (5–10) .01z
Assisted venous drainage, no. (%) 37 (25) 25 (15) 0 .002y
Incidence of minor arrhythmias,k no. (%) 0 3 (1.8) 0 –
Pericardial effusion requiring
drainage, no. (%)
0 2 (1.2) 0 –
Hospital stay (d), Q1–Q3 6 (5–6) 6 (5–7) 6 (5–7) 0.08z x
MT, Minithoracotomy; MS, ministernotomy; Q1, first quartile; Q3, third quartile; CPB, cardiopulmonary bypass; CCT, crossclamping; IVF, induced ventricular fibrillation. *c2
Test. yPearson c2 statistic where exact tests are computed. zKruskal–Wallis test. xTransitional supraventricular ectopic beats. kComparison between minithoracotomy group and
control group, P ¼ .03.C
H
Dincision level in 8 patients (3 in the minithoracotomy group
and 5 in the ministernotomy group).
DISCUSSION
Surgical intervention for sCHD has changed during the last
decade, during which different surgical techniques have been
developed with the aim of combining good functional and cos-
metic results.
Hagl and colleagues,10 in 2001, demonstrated that a full
sternotomy is not always necessary for the correction of
sCHD, and other institutions have reported excellent results
in the correction of sCHD by means of ministernotomy.6-11
FIGURE 2. Distribution of the sensibility deficit of the mammary area (in
quadrants) at follow-up within the 25 (17%) of 147 patients who underwent
a right anterior minithoracotomy. SL, Superolateral; SM, superomedial; IL,
inferolateral; IM, inferomedial.The Journal of Thoracic and CFurthermore, in other centers the use of a right anterolateral
thoracotomy was advocated many years ago,4 and since
then, several authors have reported its use for repair of
both sCHD and complex congenital heart disease.12-15
Since 1996, we have routinely adopted a minimally inva-
sive sex-differentiated surgical approach, offering minithor-
acotomy to female patients because the incision remains
within the submammary sulcus and aortic crossclamping is
not required.
Nonetheless, right breast asymmetry has been reported in
patients with minithoracotomy.4,14 Our results with limited
minithoracotomy show 95% patient satisfaction with no ev-
idence of scoliosis, restriction to shoulder movement, lacta-
tion problems, or permanent neurosensorial deficit at the
mammary area.
IVF has been used in our institution since 1991 for cor-
recting sCHDs. The routine use of short periods of IVF in
association with mild systemic hypothermia16,17 has been
proved a safe and effective strategy when, because of a min-
imal skin incision, the crossclamping of the aorta might be
cumbersome. On the other hand, ministernotomies were per-
formed in male patients or in patients with diseases other
than ASD because, according to our experience, it can guar-
antee a better exposure to the ascending aorta when cross-
clamping is required.
In conclusion, the sex-differentiated surgical approach for
sCHD is safe and effective, producing functional results
comparable with those of a classic surgical approach, with
a high rate of subjective satisfaction between our patients.
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